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ABSIRACI
BEDROCK GEOLOGY OF THE MOUNT CARMEL AND SOUTHINGTON QUADRANGLES,
CONNECTICUT
by Crawford E. Fritts

New data concerning'the geologic structure, stratigraphy,
petrography, origin, and ages of bedrock formations in an area of
approximately 111 .square miles in south-central Connecticut were
obtained in the course of detailed geologic mapping from 1957 to
1960. MNapping was done at a scale of 1:24,000 on topographic base
maps having & 1C-foot contour interval.

Bedrock formations are classified in two principal categories.
The first includes metasedimentary, metas-igneous, and igneous rocks
of Precéabrian to Devgﬁian age, which crop out in the western parts
of both quadrangles. The second includes sedimentary and igneous
rocks of the Newé;k Group of Late Triégsic age, which crop out in th;
eastern parts of the quadrangles. Diabase dikes, which are Late
Tria;sic or younger in age, intruded rocks in both the western and
eastern parts of the map area.

Rocks in the western part of the area underwent progressive
regional metamorphism in Middle to Late Devonian time. The arrange-
ment of the chlorite, garnet, biotite, staurolite, and kyanite zones
here is approximately the mirror-image of metamorphic zones in Dutchess
County, New York. However, garnet appeared before biotite in pelitic
rocks in the map area, because the ratio MgO/FeO is low.

/
Waterbury Gneiss and the intrusive w°oétick Gnelss are parts of

8 basement complex of Precambrian age, which forms the core of the

A

Waterbury dome. This structure is near the southern end of a line of



similar domes that lie along the crest of a geanticline east of the
Green Mountain anticlinorium. The Haté;bury Gneiss is believed to
have been ﬁetamorphosed in Precaﬁbrian time as well as in Paléozoic
time. The Wooétick Gneiss also may have been metagorphosed more
than once. | ‘

In Palégzoic time, sediments were deposited in geosynclines
during two main‘cycles of sediméntation. The Strgits, South&ngton
Mountain, and Defgy Hill Schists, which range in age from Cam%rian
to OrdoJ;cian, reflect a transition from relatively clean pelitic
sediments to thinly layered sediments that contained rather high
percentages of fine-grained volcanic debris. Metadiabase and meta-
basalt extrusives above De;;y Hill Schist south of the map area
répresent more intense volcanic activity before or during the early
stages of the Taconic disturbance in Late Ordovician time. Impuréj
argillaceous, siliceous, and minor calcareous sediments of the
Vepawaug Schist, which is Silurian and Devonian in age, were
deposited unconformably on older rocks during renewed subsidence
of a geosyncline. The Wepghaug now occupies the trough of a tight
syncline, which formed before and during progressive regional meta-
morphism at the time of the Acadian orogeny in middle to Late
Devéaian time. |

Felsic 1gheous rocks were intruded into the metasedimentary
formations of Paieazoic age before the climax of the latest
progressive regional metamorphism. Intrusives that gave rise to
the Prosﬁect and Ansékia Gneisses were emplaced mainly in the

v

Southington Mountain Schist, and the igneous rocks as well as the

host rocks were metamorphosed in the staurolite zone. Although it



is possible that these two intrusives were emplaced during the Taconic
disturbance, the writer believes it more likely that the igneous rocks
from which the Prosﬁéct and Ansghia Gnelsses formed were emplaced
during the Acadian orogeny. WoodB;idge Granite, which intruded the
Wepax;ug Schist, is Devéﬁian inlage and undoubtedly was emplaced
during the Acadian orogény. In this area the granite is essentially
unmetamorphosed, because it is in the chlorite, garnet, and biotite
zones. Southwest of the map area, however, metamorphic equivalents
of the Wooébridge are found in wepéaaug Schist in the staurolite zone.
The Ans6hia_6neiss, therefore, may be a metamorphic equivalent of the
wOodb;idge Granite.

Rocks of Late Triagsic age formerly covered the entire map area,
but were eroded from the western part after tilting and faulting in
Late Tria;;ic time. The New Haven Arkose of the Newg;k Group w;§
deposited unconformably on an irregular surface above the metamorphic
rocks, but is in fault contact with them for more than 11 miles. A
sheet of wéﬁi Rock Diabase at least 18 miles long and as much as 700
feet‘thick intruded the arkose in/Zéie Nezgrk time, but changed
stratigraphic position by more than 1,000 feet. Dikes of But{;ess
Diabase were emplaced along faults and fissures that cut across other
formations in the map area. Barite and copper minerals were deposited

along dikes and in fault breccias at that time.
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I. INTRODUCTION

PURPOSE AND SCOPE

Bedrock geology in and near the southeastern part of the Western
Highland of Connecticut has been the subject of discussion for more
than a century. Because the region is well populated, many people
assume that abundant geologic information is availablé. Most geologic
reparts concerning the region, however, were based on reconnaissance
rather than detailed mapping, and several major problems remained
unsolved. 'For example, (1) the age of metasedimentary rocks in the
Highland, in which no fossils have been found, was uncertain, (2) it
also was uncertain whether metamorphism of the rocks was caused b§
known i&krusives or occurred after amplacement of those bodies, (3)
although some formations in southern Connecticut resemble stratigraphic
units in southeastern Vermont, information about the stratigraphic
positions of formations in Conmnecticut was inadequate for correlating
rocks in both States, and (4) the western boundary of the Neéérk Group
of Late Triagsic age 1n central Connecticut had been interpreted as
a tilted pre—Ne;;rk peneplain supposedly offset by oblique faults,
which were inferred also to explain irregularities in the outline
of an intrusive diabase sheet. This sheet, however, does not occupy
4 consistent stratigraphic position, énd should not be used as a
marker bed for recognizing concealed faults, unless it can be proved

that the boundaries of the intrusive have been offset.

.



Detailed geologic mapping in the Mount Carmel and Southington
quadrangles (pls. 1 and 2) permitted the study of the problems outlined
above as well as several other topics of general geologic interest,
These quadrangles lie along the eastern side of a large gneiss dome,
here called the Waterbury dome (pl. 3), which 1s near the southern
end of a line of similar structures of pre-Triégsic age that extends
from Connecticut to Vermont. The quadrangles also contéin the lower
part of the Nedgrk Group of Late Trigésic age and dikes of Trfgssic
or younger age. In this report, the author discusses (1) petrography,
(2) new stratigraphic units of pre=Trfgssic age, (3) emplacement of
igneous and meta-igneous rocks, (4) age of igneous, meta-igneous,
and nonfossiliferous metasedimentary rocks, (5) progressive regional
metamorphism of chlorite to kyanite grade, as well as retrograde and
contact metamorphism, (6) correlation of the rocks of this area with
other geologic units in or near New England, (7) the boundary between
the Newé;k Group and rocks of pre-Triassic age, (8) relief on the
prenNedg;k surface, (9) geologic structure, including doming in
precTrfgssic time and the deformation of rocks of pre-Trfhssic age
1n,z§1e Newark or post-Newgrk time, and (10) paragenesis of deposits
of barite and copper minerals of former and possible future economic
interest. The relationship between texture and metamorphic history
of rocks of pre=Tri§;sic age 1s emphasized. By stressing lithology,
?rigin, metamorphic history, geologic structure, and correlation,
the author attempts to show that the geologic age of these non-
fossiliferous rocks ranges from Predambrian to Silu{ian and DeJGnian,

The geologic history of the area from Precﬁmbrian to Recent time

also 1s summar ized,

o



PREVIOUS WORK

The bedrock geology of parts of the map area has been studied
briefly by many people, but only the more important references are
cited here, Silliman (1820) described but did not name parts of
the Wepawaug Schist, Prospect Gneiss, and Straits Sﬁhist, Shepard
(1837) mentioned seQeral localities of interest to mineralogists
and collectors. Percival (1842) studied bedrock in the course of
remarkably detailed geologic mapping of Connecticut., Credner (1866)
described barite veins and underground workings at the Jinny Hill
mine, Davis and Loper (1891) and Davis and Griswold (1894) discussed
the western boundary of the Newark Group., Davis (1898) studied the
stratigraphy and structure of the Newark Group and the form and
origin of diabase bodies intruded into the Newark. Gregory (Rice
and Gregory, 1906) named and redescribed several units of pre-Triassic
age shown on a preliminary geologic map of Comnnecticut by Gregory and
Robinson (1907), Schairer (1931) redescribed several miperal
localities mentioned by previous authors. The wéstern boundary of
the Newark Group was discussed again by Longwell and Dana (1932),
Longwell (1933a and b), Wheeler (1937), and Friéts (in press, b).
Stewart (1935) studied the petrology of the Prospect Porphyritic
Cneiss of Gregory. Krynine (1950) discussed the petrology and origin
of the New Haven Arkose. Rodgers (Rodgers and others, 1959) suggested

Possible correlation of several formations of pre=Triassic age with

:_,;‘18e°108ic units in Massachusetts and Vermont. The history of barite

Bining in the nineteenth century at Cheshire, Connecticut, was

discussed in an article recently prepared by the author for the

Cheshire Historical Society,



CURRENT INVESTIGATIONS

Mapping of Mount Carmel and Southington quadrangles was part of
a cooperative program undertaken in 1955 and financed jointly by the
U. S. Geological Survey and the Connecticut Geological and Natural
History Survey to provide detailed geologic maps of Connecticut at
scale 1:24,000 using topographic base maps with a ten-foot contour
interval. Bedrock mapping in Mount Carmel quadrangle was done in
eight months during the summers of 1957 and 1958, Similar work in
Southingtén quadrangle was carried on for two weeks in the fall of
1958 and for seven and one half months in 1959 and 1960. Geology in
the southwestern corner of Mount Carmel quadrangle was revised in
1961 in the course of detailed geologic mapping by the author in )
Ansonia quadrangle southwest of the map area. A final field check
in Southington quadrangle also was made at that time., Petrographic
studies and similar investigations were conducted in offices and
laboratories of the U. S. Geological Survey at Denver, Colorado, and

Washington, D. C., during the period 1957 to 1962.

ACKNOWLE DCEMENTS
Mapping was facilitated by the assistance and suggestions of
many people. During July and August 1957, the author was assisted
by G. N, Syphers, who independently mapped much of the Wepawaug
Schist angd Woodbridge Granite in Mount Carmel quadrangle., For
8pproximately two weeks in August 1959, P. S. Ely helped the author
€Xcavate the Mixville fault near Ten Mile River and Humiston Brool:

in Southington quadrangle. On several occasions geology of the area

% f?‘s discussed with R, F. Flint and A. M. Lasala, who more or less



concurrently mapped the surficial geology of Mount Carmel and
Southington quadrangles, respectively. Several well drillers
cooperated by permitting the author to collect samples of bedrock
cuttings, by providing records of footages, and by discussing the
characteristics of geologic formations penetrated in wells shown

on the geologic maps, Numerous courtesies and suggestions were
offered by J. W. Peoples, Chairman of the Connecticut State Geological
and Natural History Survey, and his predecessor, J. B. Lucke., Both
men accompanied the author 'on field trips in the map area.

Geologic strﬁcture, stratigraphy, and correlation of rocks of
preuTrig;sic age has been discussed with several people who have
studied similar rocks in northérn New England. The author spent
two days in southeastern Vermont in June 1960 with J, L. Rosenfgld
of the University of California studying rocks in and near the
Chester dome, which is analogous to the Waterbury dome of the map
area, Five days also were spent in northern Massachusetts and
Vermont in October 1961 with L. R. Page, W. M. Cady, and A. H.
Chidester of the U. S. Geological Survey studying the stratigraphic
Section from Hoosac Schist to Wails River Formation, which is the
approximate equivalent of the section from Straits Schist to Wepawaug
Schist in the map area. John Rodgers of Yale University accompanied
the author in the field on several occasions and engaged in
Stimulating discussions numerous times., Bedrock geology of New
England also was discussed with J. W. Skehan of Boston College, who
has mapped in southern Vermont. The geologic age and metamorphism
-of V&te;bury Gneiss was discussed with J. B. Thompson of Harvard

L_uniVersity, vho has studied rocks of similar metamorphic grade and



stratigraphic and structural position in Vermont,

The writer is grateful for the interest, advice, and suggestiomns
offered by Drs. E. N. Goddard, F. S. Turneaure, L. I. Briggs, D. F.
Eschman, R. M. Denning, and W. C. Kelly of the Department of Geology
and Mineralogy of the University of Michigan., Drs. Goddard and
Eschman visited the area during the 1959 field season,

Analytical data were provided by persomnel and Branches of
the U, S. Geological Survey. Chemical analyses (tables 1 and 2)
were made by Dorothy F. Powers, Branch of Geochemistry and Petrology.
X-ray analyses mentioned in the text were made by Theodore Botinelly,
Branch of Geochemistry and Petrology. Reconnaissance gravity surveys
across the Mixville fault near Gaylord Mountain in Mount Carmel
quadrangle and near Marion, Connecticut, in Southington quadrangle
were made by Martin F. Kane and Donald L. Peterson, Branch of
Geophysics., Age determinations on biotite and zircon from pre-Triassic
intrusives (tables 6 and 7) were made by Herman H. Thomas and
Thomas W. Stern, respectively, Branch of Isotope Geology. Nine
east-west, aero-magnetic surveys at intervals of 1 mile were made

across each quadrangle by personnel of the Branch of Geophysics.



IXI. GENERAL SETTING

LOCATION AND ACCESS

The Mount Carmel and Southington quadrangles are in south-central
Connecticut at the eastern edge of the Western Highland of the State
and at the western edge of the Connecticut Valley Lowland, which is
underlain by the largest remnant of the Newark Group in New England
(fig. 1). The map area is north of New Haven, east of Water;ury,
south of Bristol, and west of Meriden, Connecticut. The area contains
approximately lllsquare miles and includes parts of the Towns of
Wolcott, Southington, Waterbury, Prospect, Cheshire, Bethany,
-WOodbridge, Hamden, and North Haven, Connecticut.,

Access to the area, more than half of which is covered by second
growth hardwood forests, is provided mainly by numerous paved roads.
The most heavily-traveled route is Wilbur Cross Parkway, which crosses
the southeastern corner of Mount Carmel quadrangle., Interstate
Highwvay 84, which will cross Southington quadrangle in a nearly east-
west direction just south of Larsens Pond, was under construction in
1960. Near the Farmington Canal, which was abandoned about 1848, a

‘branch of the New York, New Haven and Hartford Railroad crosses both
quadrangles in a north-south direction but is used primarily for
hauling freight. An unimproved landing strip in Bethany near the
Western boundary of Mount Carmel quadrangle is used mainly for

Privately-owned light aircraft.,
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MAIN GEOLOGIC UNIfS

Bedrock units in the map area include formations laid down
during four main cycles of sedimentation and intrusives emplaced
during at least three periods of geologic time. Formations
originally deposited as sediments are the Haté;bury Gneiss of
Precasbrian age, the Strﬁlts, Southington Mountain, and Détby Hill
Schists ranging in age from Camb;ian to Of&ovician, the Wepwaug
Schist of Sfiﬁrian and Devohian age, and the Ne§4§aven Arkose of Late
Triassic age (pl. 4). Intrusives are the Woodtick Cneiss of
Precambrian age, tﬂe Proé%ect and Ansonia Gneisses of Ordovician
or Devonian age, the Woodbridge Granite of Devonian age, the West
Rock Diabase of Late Triassic age, and the Buttress Diabase of Late
Triassic or younger age (pl. 3). Sediments of Cretaceous and
Tertiary ages have not been found in the map area, but it is
possible that they once were present (Davis, 1898, p°'165). There
is no evidence to show that sediments of Miséissippian to Permian

age or sediments of Jurassic age ever were deposited in the map area,

TOPOGRAPHY AND DRAINAGE
Relief is moderately rugged. Local relief is a few tens to
‘several hundreds of feet, but maximum relief is slightly more than 1,040
feet. The highest point is at Lindsley Hill (misnamed Spindle Hill on
some previous topographic maps) in the northern part of Southington
quadrangle, The lowest point is in the southeastern cornmer of Moung

Carmel quadrangle, where a small oxbow lake occupies an abandoned ~

chamnel in the valley of the Quinnipiac River close to sea level,
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Conspicuous differences in altitude indicate marked differences
in bedrock. In general, altitudes are higher in the western half of
the area, which is underlain by igneous and metamorphic rocks of
pre-Triassic age characteristic of the Western Highland of Comnnecticut.
The eastern half of each quadrangle is underlain mainly by less
resistant sedimentary rocks of Late Triéssic age, which are
characteristic of the Connecticut Valley Lowland, Some of the most
prominent ridges and mountains in the area, however, such as West
rock Ridge and Mount Carmel, are underlain by diabase intruded inte
the Triassic strata.

Drainage ultimately is southward toward Long Island éound,
although some streams flow away from the area in other directions,
Most streams in the southern part of Mount Carmel quadrangle flow
into the West River and Mill River, both of which empty directly
into the Sound. Streams that flow northward from Mount Carmel
quadrangle are tributaries of the Quinnipiac River, which crosses
the northeastern part of Southington quadrangle and follows a course
southward through Meriden and Wallingford quadrangles to New Haven
Harbor. Streams that flow westward from the area are tributaries
of the Naugatuck River, which extends southward through Waterbury,
Raugatuck, and Ansonia quadrangles reaching the Housatonic River

8pproximately at sea level.

OUTCROPS AND GLACIATION
Outcrops comprise less than two percent of the surface in the
. Bap area, but most exposed bedrock is fresh or only slightly weathered.

o] 4
¥!Ciat10n during the Pleistocene epoch removed any deeply weathered
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bedrock that may have been present, and mantled the area with deposits
of unconsolidated surficial materials as much as 145 feet thick. The
distribution of bedrock symbols on the maps indicates the approximate
distribution of outcrops, but the outlines of individgal exposures

and groups of outcrops are shown by Flint (1962) and LaSala (1961).
Most of the outcrops shown by Flint were mapped by Fritts in the
course of bedrock mapping, but LaSala had mapped most outcrops in
Southington quadrangle before bedrock mappiné in that area began.

Two main directions of glacial movement are indicated by field
evidenc;a In some places, the distribution of erratic boulders shows
that the principal direction of early ice movement was from north to
south, Boulders of Proéaect Gneiss derived from western Cheshire and
southwestern Southington, for example, rest om Néa Haven Arkose north
and east of Bethany Mountain in Mount Carmel quadrangle, but glacial
striations on outcrops in that quadrangle indicate that the general
direction of the latest ice movement was from northeast to southwest.
In the northwestern part of Southington quadrangle, on the other hand,
striations indicate that ice moved mainly toward the south, and there
is no indication of later glaciation. *

\
RELATIONSHIP BETWEEN BEDROCK AND SURFICIAL GEOLOGY

Where poorly exposed or unexposed, bedrock has been mapped partly
on the basis of topography and the distribution of angular boulders,
vhich probably were not moved far during glaciation. The large
amphibolite, for example, in the Strgits Schist northeast of Scovill
Reservoir 1s well jointed and occupies relatively low ground in many

Places; it ig believed to be the source of numerous blocks of
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amphibolite, which were strewn over a broad area to the southwest
during glaciation, Similarly, Scovill Reservoir is believed to be
underlain by the largest body of Woodgick Gneiss in Southington
quadrangle. The gneiss is exposed in only a few places near the
lake, but till in that area contains numerous blocks of the rock,
Some of the gneiss blocks undoubtedly were derived from joint-
controlled bluffs east and north of the lake, which were formed or
accentuated by plucking during glaciation, but some blocks are

believed to have come from the immediate vicinity of the lake.



I1I. PRE-TRIASSIC ROCKS

INTRODUCTORY STATEMENTS

Pre-Tri;;sic rocks in the map area include argillaceous,
siliceous, and minor calcareous metasedimentary rocks of Preégmbrian
to Silufgan and Devo;ian age (Fritts, in press, a) and felsic to
intermediate intrusives of Precambrian, Devonian, and Ordovician or
Devéhian ages (pl. 3). Most of these rocks underwent progressive
regional metamorphism in Middle to Late Devonian time. Metamorphic
grade increases from southeast to northwest. Pre-Triassic rocks in
the Mount Carmel quadrangle are in the chlorite, garnet, biotite,
éﬁaurolite and kyanite zones, whereas rocks of similar age in the
Southington quadrangle are in the staurolite and kyanite zomes. The
possibility that some of the rocks were metamorphosed more than once
is considered in the discussion of metamorphism, which follows the
descEiptions of the prevTriagsic rocks.

Petrégraphic descriptions of these rocks are based on field
Studies, a few chemical and X-ray analyses, and examination of
about 200 thin sections from Mount Carmel quadrangle and 170 from
Southington quadrangle. Except where noted, colors of fresh rocks
only afe recorded, using the terminology of Goddard and others (1951).
Minerals are listed in order of decreaéing abundance, and grain sizes
&re as follows: fine, less than 1 mm.; medium, 1 to 5 mm.; coarse,

Wore than 5 mm. The percentage of anorthite (An ) in plagioclase

0-100
and the optic sign (+) or (=) of chlorite follow the appropriate

13
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mineral names. Unless indicated otherwise, the following colors
and probable compositions of certain minerals apply: garnet is red
almandine; tourmaline is schlorite dichroic in green; most biotite
is pleochroic in brown rather than green and is of intermediate
canposition. White mica is reported as muscovite; paragonite was
not identified in any of the rocks studied. Moderately or weakly
magnetic, gray or black, opaque iron oxide 1is reported as ilmenite,
and strongly magnetic iron oxide is reported as magnetite, Minerals
formed by retrograde metamorphism are mentioned only in the discussion
of metamorphism.,

The complexity or simplicity of texture in metamorphic rocks
in the map area depends upon lithology, structure, and metamorphic
history. In general, simple textures are characteristic of rocks
‘that parallel the regional trend of major structures and are either
incompetent or lie within incompetent rocks. The texture of Straits
Schist, for example,~is simple; amphibolite, marble, and paragneiss
within the Straitgralso have simple textures., These rocks lie near
the Wate?bury Gneiss, which forms the core of a gneiss dome. Members
of the Striits Schist were smeared out along the edges of the core of
‘the dome during tectonic activity and progressive regional
Retamorphism. bn the other hand, in many places amphibolite and
Paragneiss in Wate;£ury Grneiss have complex textures and indistinct
foliation and lineation, especially where the rocks are highly
contorted. Most rocks in the core of the dome not only are competent,
but they also are believed to have been metamorphosed more than once.
31milar1y, Woodtick Gneiss, which is only moderately well foliated

%d lineated lies within relatively competent rocks in the core of
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the Waterbury dome. The Woodtick is believed to be older than the
s;réits Schist, and also may have undergone metamorphism more than
once. On the other hand, foliation and lineation are well developed
in the Proggect and Ansonia Gneisses, which lie within less competent
rocks parallel to major regional structures. The foliation and
lineation, which cross the boundaries of stocks andiirregular
intrusive bodies of the WOoatick, Proé%ect, and Ansonia Gneisses

in some places, were imposed on these rocks during progressive

regional metamorphism.

METASEDIMENTARY ROCKS

General Features

Tﬁe Watergury Cneiss and the Straits, Southington Mountain,
pé;by Hill, and Wepa&aug Schists have the internal strucﬁure, com-
position, thickness, and regional distribution of metamorphosed
sedimentary formations. Banding in the paragneiss of the Waterbury,
for example, reflects original differences in layered sediments,
Although metamorphism destroyed all evidence of original clastic
grains, the gradation from quartz-rich to mica-rich parts of
some bands (pl. 5, fig. A) can be interpreted as graded bedding,
that is, gradation from sandy to argillacesus material, respectively,
in sedimentary beds. The chemical composition of the main mica schist
of Straits Schist, on the other hand, is similar to that of shale
(table 1, column 5). Alternate bands of paragneiss, mica schist,
and impure calcareous rocks in the Soﬁéhington Mountain and Wep;waug

Schists indicate alternate layers of sandy, clayey, and limey material

In original sedimentary formations., Very thin banding in the Dérby
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Hill Schist and a rather constant thickness of 1,000 to 1,500 feet

for many miles suggest that the formation is a stratigraphic unit,
although it has been highly sheared in Mount Carmel quadrangle

(pl. 11). Amphibolites in Waté;bury Gneiss are interpreted as
wetasedimentary rocks, although their origin is uncertain. Amphibolites
in overlying formations are believed to represent metamorphosed -
graywacké or fine-grained, water-laid tuff deposited imn a geosynclinal

B environment. These rocks, therefore, are included in the descriptionms

of the main metasedimentary formations.

Wate;bury Gneiss

General Features

The Watéfbury Gneiss includes a predominant paragneiss, the
Hité%cock Lake Member, minor amphibolites, and at least two unmapped
bands of calc-silicate rock. The formation was named for Waterbury,
Connecticut, by Gregory (Rice and Gregory, 1906, p. 100), but was
redefined by Fritts (in press, a). The paragneiss underlies a
semi-elliptical area of about 12 square miles in the western part of
Southington quadrangle and the northwestern corner of Mount‘Carmel
quadrangle. It is well exposed in eastern Waterbury, northern Prospect,
.fnd southeastern Wolcott, and extends into Naugatuck and Waterbury
quadrangles (pl. 3). The Hitchcock Lake Member was named by Fritts
(in Press, a) for Hitchcock Lake in Southington quadrangle; the type
locality is on a broad peninsula on the west side of the lake. This
Wember forms a belt 250 to nearly 1,700 feet wide along the northern
80d eastern sides of the paragneiss, and four isolated patches

$uwrounded by the paragneiss in Prospect and Waterbury. The contact
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between the two units, however, 18 gradational and is generalized on
the geologic map of Southington quadrangle, especially south of
Hitchcock Lake. Lenticular bodies of amphibolite as much as 1,700
feet long and 300 feet wide are distributed randomly through the
paragneiss and Hiﬁéhcock Lake Member, but most are more or less
conformable with foliation in the adjacent rock. They probably
constitute less than one per cent of the Watérbury Gneiss,
Conformable bands of calc-silicate rock a few inches wide and

a few feet long were found in the paragneiss near the western boundary
of Southington quadrangle about 2,800 feet south of Route 70 and in the
Hitchcock Lake Member about 500 feet southwest of the type locality.
These rocks, however, were not mapped.

- The Waterbury Gneiss, especially the paragneiss, is believed
to be the lowest stratigraphic unit in the area (Fritts, in press, a)
although at least one other interpretation has been offered. Gregory
(Rice and Gregory, 1906, p. 100) described the formation as Hartland
Schist (Striits and Soufhington Mountain Schists of this report)
injected with granite, pegmatites, and amphibolites he believed to be
meta-igneous intrusives. Rodgers (Rodgers and others, 1959, p. 41), on
. the other hand, believed that the Watéfbury Gneiss is the lowest
fqrmation in the stratigraphic sequence exposed between Waterbury and
New Haven, Comnecticut. The current study has confirmed Rodgers'
interpretation and has revealed that the composition, grain size,
textures, and probable metamorphic history of the formation differ
markedly from those of the Straits and Soufhington Mountain Schists.
The Watergury Gneiss is interpreted here as part of a basement complex

that forms the core of the Waterbury dome (pls. 3 and 4).
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Petrography

Paragneiss. Rocks mapped as paragneiss are mainly fine- to
medium-grained, light- to dark-gray, well-banded gneisses with
subordinate layers of mica schist, The main minerals are quartz,
biotite, muscovite, oligoclase (An15_30), kyanite, g,arnet, microcline,
and magnetite,‘ Accessory minerals are apatite, zircon, tourmaline,
rutile, chlorite(4), epidote, and chalcopyrite. The thickness of
bands ranges from less than 1 mm. to a few feet, but very thin
banding predominates (pl. 5). In gemeral, quartz-rich bands alternate
with more micaceous layers, but pure quartzite is rare. Typical hand
samples are (1) quartz-biotite-kyanite-garnet-oligoclase gneiss; (2)
quartz-oligoclase-b1otit;—muscovitejgarnec gneiss, (3) hiotite-
Eicrocline-quartz-muscovite-garnet-kyanite-oligoclase gneiss, (4)
biotite~quartz-muscovite-kyanite-oligoclase=chalcopyrite-garnet
gneiss, (5) muscovite-quartz-garnet-oligoclase-biotite-kyanite gneiss,
(6) muscovite-kyanite-quartz-biotite-magnetite-garnet-oligoclase
goeiss, (7) kyanite-biotite-magnetite-oligoclase-muscovite-garnet-
quartz gneiss, and (8) muscovite<biotite-quartz-garnet-oligoclase
8chist, The schist is most abundant in the Mount Carmel quadrangle
and near the Bitchgock Lake Member in eastern Waterbury, and it is
coarser than the typical gneisses. Garnets in the schist in Mount

- Carmel quadrangle are as much as 1 inch in diameter, but the average

. Brain size {5 less than 5 mm.
Contorted banding and numerous injections and small irregular
'§°d188 of aplitic, granitic, quartz monzonitic, and quartz dioritic

1 ’neisses are characteristic of the paragneiss (pl. 6). Banding is
g htegu

lar in many outcrops that only generalized trendswere
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mapped, especially in Prospect, eastern Waterbury, and near the
wOodgick Gneiss in Wolcott. Pegmatites and iIntrusive gneilsses in
many places are too small and ill-defined to be mapped separately.
Textures in the paragneiss are more complex than in most of
the other metamorphic rocks in the area. Many samples of the
paragneiss are characterized by extremely 1rregulér and intimate
intergrowths of the main minerals (pl. 16) and garnet, biotite,
muscovite, and kyanite each exhibit at least two crystal habits.
In some specimens, nearly circular aggregates of fime-grained,
anhedral garnet are thoroughly intergrown with biotite, oligoclase,
and quartz (pl. 16, fig. B). In other samples, randomly distributed,
euhedral to subhedral garmets have formed in or near anhedral
garnet, which appears to have been crushed before the adjacent
euhedral garnet crystallized (pl. 17, fig. B). Fine-grained biotite
is evenly disseminated in many bands in the paragneiss, but in some
bands biotite also forms randomly oriented porphyroblasts,
which are characterized by ragged outlines (pl. 16, fig. A). Most
muscovite formed as typical booklike crystals, but in some samples
aggregates of randomly oriented, fine-grained muscovite (coarser

than sericite) are strung out along narrow bands and have a shredded

% ! &ppearance, Nearly acicular crystal§ of kyanite, which resemble

ﬁillimanite, are found in many samples of the rock (pl. 16, fig. A;

pl. 17, fig, A),but sillimanite has not been identified positively.
Bl‘delike pPrismatic crystals of kyanite generally less than 1 mm,
long ake numerous.

The presence of kyanite i{n the paragneiss distinguishes this

0c
k from other paragneisses of similar metamorphic grade in the
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map area. Fine-grained, bluish-gray kyanite is widespread and in
some places abundant in the formation. Regardless of its grain
size, the mineral can be recognized in many outcrops, because it
stands out on weathered surfaces., It is most abundant southwest of
Wolf Hill in Wolcott and east of Scott Road in northern Prospect.,
Kyanite was observed in 20 of 29 thin sections of rocks from this
map unit in Southington quadrangle and in 3 of 6 thin sections of
similar rocks from Mount Carmel quadrangle. One sample from northern
Prospect is about 54 per cent kyanite. In many samples the kyanite
is concentrated in thin layers parallel to banding, but in some
specimens aggregates of tiny kyanite crystals form "knots" as much
as 2 inches long oblique to the main foliatiom of the rock (pl. 18,
fig. A).

Magnetite is more abundant in the paragneiss than in other
rocks of pre-Tr:la;sic age in the area. 1In many places, especially
where kyanite is abundant, octahedra and anhedral masses of _magnetite
as much as 3 mm, in diameter can be seen. The magnet‘ite is
disseminated through the rock, but the mineral produces strong
magnetic anomalies, which are characteristic of the formation.

Chalcopyrite is found mainly as an accessory mineral in the
Paragneiss, but one specimen fram the hill crossed by a power line
west of Woodtick is approximately 5 per cent chalcopyrite.

p .
Hitchcock Lake Member. The Hitéhcock Lake Member 1is mainly

medium- to coarse-grained, quartz-muscovite-oligoclase-biotite-
88rne.tws’chist, but stringers, bands, and impregnations of granitic
to quartz monzonitic gneiss are abundant., The schist also contains

Rarrow bands of quartz-oligoclase-biotite-muscovite-garnet paragneiss,
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which are more numerous south of Hitchcock Lake, Some samples contain
" a few per cent ilmenite or magnetite and typical accessory minerals
are kyanite, staurolite, microcline, tourmaline, zircon, apatite,
rutile, and epidote. Bladelike crystals of kyanite as much as 1

inch long are visible in several places shown by the letter K on the
geologic map of Southington quadrangle (pl. 2), but kyanite is not ’
abundant in the Hitc“;ock Lake Member.,

Textures in the Hitcﬂcock Lake Member are not as complex as in
the paragneiss, but several physical features distinguish the typical
schist of this member from other schists in the map area. The schist
contains abundant biotite, which 1is almost as plentiful as muscovite.
Both biotite and muscovite form distinct booklike crystals which are
recognized easily on foliation planes. The distribution and grain
size of garnet is inconsistent, Garnet constitutes from zero to
17 per cent of the rock, and the diameter of individual crystals
ranges from less than 1 mm. to about 2 inches, Many oligoclase
crystals are antiperthitic, and some have numerous inc¢lusions of
quartz, Tourmaline and apatite crystals in some places are as much
2s 1 inch long, but most are less than 3 mm. long. Near granitic
and quartz monzonitic bodies the schist also is characterized by
P#ygmatic folds.

Amphibolites. The amphibolite is a medium- to fine2grained,

grayish- to greenish-black, foliated to unfoliated rock composed
®ainly of hornblende, andesine (An30 40), quartz, and sphene,
G“FBt comprises as much as 10 per cent of rock mapped as garnet-

iferous amphibolite, péwg, which otherwise is similar to the

%‘mphib°11te, péwa, Both kinds of rock contain clinozoisite, diopside,
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and zoilsite, as well as the accessory minerals pistacite, ilmenite,
chlorite(4), muscovite, zircon, and pyrite. Foliation and lineation
are well developed in amphibolites that parallel relatively uncontorted
.banding in thﬁ adjacent rocks, For example, the large garnetiferous
amphibolites ;est of Scovill Reservoir are foliated and lineated.

In northern Prospect, on the other hand, a small amphibolite

assoclated with contorted paragneiss lacks foliation and lineation

(pl. 18, fig. B).

Textures in some of the amphibolites are complex, especially
wvhere foliation and lineation are lacking (pl. 18, fig. B). Ragged
hornblende crystals contain numerous inclusions of quartz, andesine,
chlorite(+), and sphene. Andesine has numerous inclusions of
clinozoisite. Some garnets have ragged outlines and contain andesine,
hornblende, and quartz, as well as tiny crystals of clinozoisite and
sphene, Oge amphibolite in the Hitchcock Lake Member south of Route
70 in western Cheshire contains anhedral diopside crystals less
than 1 wn. in diameter, which are arranged in aggregatés as nuch as

A10 mu, in diameter. The smaller crystals are characterized by
conspicuous sieve structure and appear to be parts of larger cr&stals
that were broken and recrystallized.

Calc-silicate rocks, Unmapped calcesilicate rocks in Waterbury

Gneigss are coarse- to fine-grained, very light gray to white gneisses
Composed of quartz, andesine, zoisite, garnet, clinozoisite, sphene,
and accessory apatite. The calc-silicate rock associated with
Paragneiss aléo contains diopside, and the calc-silicate rock in

the Hitcg;ock Lake Member has at least one thin layer rich in

hornblende. Diopside, garnet, and hornblende are characterized by
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sieve structure,

Origin

A metasedimentary origin for the paragneiss 1s indicated by
the banding and composition of the rock. Gradation from quartz-rich
to mica-rich parts of individual bands (pl. 5, fig. A) can be
interpreted as graded bedding. The high percentages of quartz and
kyanite in the rock indicate high percentages of silica and alumina,
respectively, in the original material, and is not characteristic of
igneous and meta-igneous rocks. The abundance of biotite and muscovite
in some samples of the paragneiss also is more characteristic of
meta—sedigentary than meta-igneous rocks,

- The parent materials from which the paragneiss formed probably
were water-laid sediments derived, at least in part, from a deeply
weathered landmass, and were deposited under off-shore conditions.
The percentages of alumina and iron indicated £y the abundance of
kyanite and magnetite, respectively, in some samples ofAthe pafagneiss
are higher than those of normal sandstone and shale, but are not
higher than those of rocks such as laterite and saprolite, which form
as a result of deep weathering, Laterite and saprolite, however,
are not characterized by graded bedding, which forms mainly by
deposition in water. Furthermore, laterite generally lacks or
contains very little potassium, which is moderately abundant in micas
and feldspars in the paragneiss. A source area containing both fresh
and deeply weathered bedrock, however, could have provided the
8ediments from which the paragneiss formed. Deposition in an

off-shore enviromment is suggested mainly by the fine grain size
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of the paragneiss and the lack of pure quartzites, which would have
formed from clean,well-sorted sands deposited in shallow water..

The Hiﬁghcock Lake Member probably formed by metamorphism of
shale, which contained moderate amounts of iron and magnesium, as well
as interbedded sandy sediments. The abundance of muscovite and
biotite, which together comprise more than 40 per cent of an average
sample of schist from this member, is characteristic of roéks formed
by metamorphism of argillaceous\sedimentso The rather high percentage
of biotite in the schist, however, indicates that the original
sediment contained moderate amounts of iron and magnesium. The
abundance of feldspar is attributed partly to granitic and quartz
monzonitic material, which intruded and impregnated the schist, but
it is 1likely that the original sediment contained abundant potassium,
sédium, and calcium. Except for lower alumiﬁa content, which 1s
indicated by the lower percentage of kyanite, the paragneiss bands
in this member have the composition of metamorphosed impure sandy
sediments similar to the parent material from which tﬁe maiﬁ paragneiss
of Waté;bury Gneiss formed. The higher proportion of argillaceous to
siliceous sediments in the Hitchcock Lake Member, indicated by the
higher ratio of schist to paragneiss, suggests that this member was
deposited more slowly or in deeper and quieter water than the paragneiss,

Amphibolites in the Wate;gury Gneiss are interpreted on the
geologic maps of Mount Carmel and Southington quadrangles as
wetasediments, although their origin is uncertain. Gregory (Rice
and Gregory, 1906, p. 100) believed them to be intrusives, but

offered no evidence other than mafic composition to support his
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conclusion. The recent maps, however, show that most of the
amphibolites are lenticular bodies approximately parallel to
foliation and banding in the adjacent metasedimentary rocks.

No clearcut examples of dikelike amphibolite bodies cutting

across foliation and banding in the metasediments have been found,
and no evidence such as relict igneous textures have been found in
thin sections to indicate that the amphibolites originally were
igneous rocks. The amphibolites could have formed by metamorphism
of mafic tuffs or sediments derived from mafic igneous intrusives,

Calc«silicate rocks, which form marrow layers parallel to bands

interpreted as beds in the paragneiss and Hitégcock Lake Member,
are interpreted as metamorphosed, impure, calcareous, siliceous,
and argillaceous sediments, They are more calcareous than typical

igneous or meta-igneous rocks.

Thickness

Thickness of the Waté;bury Gneiss is uncertain, because
stratigraphic control at the base of the formation is lacking, the
effect of tectonic activity on the original stratigraphic thickne§s
is unknown, and the boundary between this formation and Straits Schist
Probably is a fault for several miles south of Larsens Pond. (The
last two reasons are discussed in more detail under the heading
Geologic Structure.) Furthermore, it is difficult to measure the
thickness of the paragneiss and Hitéﬂcock Lake Member, because
the boundary between them is gradational, especially in eastern
Waterbury, If it is assumed that foliation is approximately parallel

to original bedding, and that the stratigraphic thickneas has
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remained constant, thickness of the Hitéﬁcock Lake member apparently
varies from about 250 feet just morth of section A~A' in Southington
quadrangle (pl. 2) to more than 1,500 feet near the abandoned
railroad in eastern Waterbury., Thickness of the paragneiss which

underlies a much broader area, probably is at least several thousand

feet and may be as much as 10,000 feet.

t e
Straits Schist

General features

Stfgits Schist, as redefined by Fritts (in press, a),
overlies wété;bury Gneiss unconformably and underlies Soé;hington
Mountain Schist. Straits Schist includes mica schist, paragnelss, am-
phibolites, chloritic schist, impure marble, and minor ummapped
calc-silicate rocks in the lower part of The Straits Schist Member
of the Hartland Formation named by Rodgers (1959, p. 40). The
type locality 1s a narrow defile, known locally as The Straits,
in northern Bethany at the western edge of Mount Carﬁel quadrangle
about 1 mile southeast of Straitsville, Connecticut. The upper
part of The Straits Schist Member of the Hartland Formation of
FOdgers was mapped by the author as Southington Mount;in Schist.,
?he name Hartland is not used in this report, because it has been
used in a variety of ways in previous geologic literature and is of
Questionable value as a formal stratigraphic name.

The Stfgits Schist forms a belt approximately 12 miles long and
from 300 to 6,400 feet wide between Wate;bury Gneiss and Sougﬁington

Mountain Schist in the Towns of Wolcott, Cheshire, Prospect, and

-~s;';j«'°"h‘nyo The formation extends into Waterbury, RNaugatuck, and
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Ansonia quadrangles (pl. 3). The belt is narrow south of
Hitchcock Lake because of tectonic thinning and faulting. The contact
between Watg;bury Gneiss and SE;aits Schist is sharp, even where not
a fault, but the contact between the Soutﬁlngton Mountaln and Sf;aits
Schists is gradatiomal, |

The predominant rock in Str;;ts Schist is mica schist, which
is characterized by uniform composition and lack of conspicuous
banding (pl. 8, fig. A). Lenses and pods of quartz and peguatite
are approximately parallel to schistosity in most ocutcrops. Near
the Southington Mountain Schist, the main minerals of the
rock in some places are segregated into micarich and mica-poor
layers as much as a few inches wide, but, in general, the rock

.

is unbanded. The schist contains at least one minor ummapped
laﬁér of calc-silicate rock, and it is possible that it also contains
ummapped amphibolite, paragneiss, and marble in covered intervals.
Most of the schist in the map area is unconto;ted, but near the
type lqcality crenulations or small folds are numerous. In cross
section these folds resemble waves with amplitudes and wave lengths
as much as 1/2 inch.

Lenticular bodies Af uncontorted paragneiss, and amphibolites
as much as 600 feet wide and 2 miles long, are interlayered with
the schist in Wolcott. Garnetiferous amphibolite contailns
feldspathic layers (pl. 8, fig. B) and a few narrow, ummapped bands
of rock that resemble the paragneiss. Similarly, the paragneiss
¢ontains narrow ummapped bands of amphibolite and calc-silicate
Tock. Contacts between the paragneiss and garnetiferous amphibolite

]ﬂear Southington Reservoir No. 2 and west of Route 69 in Wolcott are

\ % ,
\Llamm‘f ) )
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generalized on the geologic map (pl. 2). The rocks probably inter-
finger, but are poorly exposed in the vicinity of the gemeralized
contacts. The map units show only the dominant lithologies.

Chloritic schist and impure marble were found nedar the top of
the Str;;ts Schist at the northern end of the New Naugatuck Reservoir
(pl. 1). The marble forms a band as much as 6 feet thick and 700 feet
long. The chloritic schist underlies an area as much as 200 feet
wide and at least 1,100 feet long. Chlorite also is conspicuous in
several exposures of Straits Schist southwest of Larsens Pond (pl. 2),
but the rocks there were mapped as part of the main mica schist,

Calc-silicate rocks were found in two places in Straits Schist
but were not mapped. A podlike body about 4 feet wide and several
feet long is in mica schist about 1,000 feet east of the intersection
of Routes 68 and 69 in Prospect. A band of calc-silicate rock a few
inches thick and a few feet long is at the eastern edge of the
paragneiss just north of the Southeast Burying Ground near Southington
Reservoir No. 2.

Petrography

Mica schist. The mica schist characteristic of Stggits Schist
is a silvery gray, mediume- to coarse-grained, unbanded to poorly
banded rock (pl. 8, fig. A) in which the main minerals are quartz,
muscovite, biotite (nY= 1.634), oligoclase (ARIS—BO)’ garnet, staurolite,
and ilmenite, Much of the oligeclase is calcic rather than sodic,
although a chemical analysis (table 1, column 5) indicates a rather
low Ca0 content. 1In Southington quadrangle the schist also contains
kyanite crystals as much as 1 inch long., Typical accessory minerals

are chlorite(4), apatite, tourmaline, zircom, rutile, and graphite.
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The texture of the schist is simple (pl. 20, fig. A). Most
garnets are euhedral to subhedral, although some contain small
inclusions of quartz, biotite, oligoclase, tourmaline, and chlorite.
Oligoclase is slightly sericitized, but lacks other inclusions. Most
biotite and muscovite crystals are booklike and do not have ragged
outlines., The parallel arrangement of muscovite crystals‘gives the
rock its schistosity. In many places, muscovite and biotite are
intergrown, and individual crystals are somewhat indistinct om
foliation planes. 1In some places, however, biotite is oblique to
muscovite, Where the rock is crenulated or folded, muscovite and
biotite wrap around the axes of folds as shinglelike aggregates
rather than as deformed crystals., Chlorite(+) i1s either parallel
or oblique to foliation planes; some groups of chlorite(+) crystals
are —fanc-shaped, Kyanite forms pale blue, subhedral, prismatic crystals,
which generally laék inclusions, Carr (1960, p, 8) reported kyanite
to be ple'ochroic from pale yellow to colorles$ in Straits Schist in
Naugatuck quadrangle, but in Southington quadrangle kyanite is
colorless and nonpleochroic in thin section. Staurolite in Straits
Schist, on the other hand, 1s euhedral to subhedral and exhibits
strong pleochroism from rich yellow to nearly colorless. One
staurolite crystal observed in thin section contains a small kyanite
crystal, but quartz inclusions are much more numerous in staurolite,

The following characteristics distinguish this rock from the
mica schist of the Hitcl(coc'z Lake Member of Wat‘:/erbury‘ Gneiss: (1)
muscovite is about twice as abundant as biotite; (2) garnets are
untformly small and are evenly distributed through the schist;

(3) individual mica flakes are less distinct on foliation planes;
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(4) oligoclase lacks antiperthitic intergrowths of microcline;
and (5) most tourmaline and apatite is uniformly small.

Paragneiss. The typical paragneiss is a medium- to fine-grained,
medium~light-gray to medium-dark-gray, well-foliated and lineated
rock composed of oligoclase to andesine (An20940)’ quartz, biotite,
muscovite, garnet, and ilmenite ér magnetite, Accessory Qinerals
are chlorite(+), apatite, zircon, tourmaline, and rutile. The
paragneiss is very thinly layered, Some layers a few millimeters
to a few inches thick contain more mica and less plagioclase and
quartz than others, but the rock is predominantly gneissic rather
than schistose.

The texture of the paragneiss is simple (pl. 19, figa'k).
Garnets are euhedral to subhedral, but contain small inclusions of
quartz and plagioclase., Larger plagloclase crystals are poorly
twinned and slightly sericitized, but lack inclusions of other
" minerals. Biotite and muscovite form booklike crystals, which
parallel the rock follation and lack ragged outlines.,

This rock is distinguished from the paragneiss of Waterbury
Gneiss by simpler texture, greater percentage of plagioclase, lack
of kyanite, lack of contorted banding, and lower percentage of
magnetite.

o Amghiboliteso Garnetiferous amphibolite, which is much more abun-~

dant than nongarnetiferous amphibolite in Strgits Schist, is a tough,
medium-to coarse-grained, dark-gray to greenish-black, well-foliated,
and well-1lineated rock, Hornblende and andesine cAn30-40)' are
abundant, and the rock also contains garnet, sphene, quartz, and

ilmenite or magnetite., Accessory minerals are chlorite(+), clino-
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zolsite, biotite, zircon, apatite, and diopside. Some layers in the
rock contain more feldspar and less hornblende than others (pl. 8,
fig. B). Amphibolite of similar color and grain size in the Mount
Carmel quadrangle lacks garnet, but contains minor amounts of
calcite. The amphibolite in that area is at about the same stratigraphic
position-as # band of impure marble, and one band of amphibolite is in
conéa;; with the marble just north of New Naugatuck Reservoiro

The textures of the typical amphibolites in general are simple,
although andesine is intergrown with garnet porphyrt;blasts in some
places (pl. 19, fig. B). Andesine also forms thin, pale.=gray to
white rims around many garnets, The andesine is irregularly
sericitized, but generally‘lacks other inclusions. Many andesine
_crystals show faint reverse progressive zoning, but albite twinning
is inconspicuous. Some hornblende crystals are anhedral, but most
are subhedral and prismatic, Simple twinning is characteristic of
the prismatic crystals. Most hornblende crystals lack inclusions,

but a few contain swmall andesine crystals,

Impure marble. The impure marble in the upper part of the

Stré;£s Schist at New Naugatuck Reservoir is a medium-= to coarse-
grained, white to pinkish-gray rock with thin dusky-;ellow-green
.Beams of granular silicate minerals, which give the rock conspicuous
foliation and lineation (pl. 12, figs. A. and B). The marble is 60
to 90 per cent calcite. The remainder of the rock is largely a
Dixture of microcline, clinozoisite, diopside, and quartz, with

'
traces of tremolite, albite or sodic oligoclase, muscovite, sphene,

&ad apatite. A chemical analysis of a well-banded sample of the rock

.(tAble 1, colum 7) indicates a rather high silica content.
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Chloritic schist. The chloritic schist near the marble band

at New Naugatuck Reservoir is a medium-grained, greenish-gray rock.
It contains nearly 25 per cent chlorite(4), but quartz and sodic
oligoclase comprise about 60 per cent of the rock. The remainder
is largely biotite, staurolite, muscovite and chlerite(-). Rutile,
ilmenite or magnetite, apatite, and zircon are accessory minerals,
This rock contains much more chlorite(+) than the mica schist
characteristic of Straits Schist, but is of comparable grain size.

Calc-silicate rock., The unmapped calc-silicate rock at Prospect

is medium- to coarse-grained, medium bluish gray to grayish yellow,
and contains zoisite, d;[0pside, garnet, quartz, calcite, clinozoisite,
and accessory sphene., Slender prismatic zoisite crystals are as much
as 1 inch long. Most of the main minerals have inclusions of other
mirerals, and many crystals have ragged outlines.

The calc-silicate rock near Southington Reservoir No. 2 is a
medium-grained, yellowish-zray rock composed of quartz, clinozoisite,
calcic oligoclase, garnet, sphene, hornblende, diopside, 'and accessory
apatite and zircon., Garnet is subhedral to anhedral and is intergrown
wizh quartz, clinozoisite, and hornblende., Diopside and !hornblende
also are intergrown. Olizoclase is anhedral and thoroughly sericitized;

mary oligcclase crystals also have numerous inclusions of quartz,

Origin
The predoninant mica schist of Straits Schist is chemically
sizilar to less metamorpicsed argillaceous rock, such as phyllite
froo the Wepwaug Schist, which is but slightly metamorphosed shale

(table 1, colums 5 and €). It is believed, therefore, that the mica
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schist originally was a fine-grained, argillaceous sediment. The
uniform composition of the mica schist, and especially the general
lack of .quartz-rich bands in the rock, reflects relatively slow
deposition of the original sediment in moderately deep water,
presumably in a marine enviromnment.

The chloritic schist, paragneiss, amphibolites, impure marble,
and unmapped calc-silicate rocks also are believed to be of meia-
sedimentary origin. The marble and calc-silicate rocks have the
composition of impure calcareous sediments, which contained abundant
silica and clay., The amphibolites and paragneiss are less calcareous,
but plagioclase constitutes 28 to 33 per cent of the rocks, respectively,
which indicates relatively high percentages of soda and lime. Variation
in the percentage of plagioclase in layers in the paragneiss and
amphibolites (pl.8, fig. B) reflects varjation in the percentage of
soda and lime in layers in the original material from which the rock
was formed, and can be interpreted as relict bedding. The high
percentages of soda and lime also suggest that the original sediments
either were of volcanic origin or were derived from volcanic material.,
The composition and layering of the paragneiss and amphibolite,
therefore, suggest that these rocks represent metamorphosed impure

sandstone and tuff (or graywacke), respectively.

Thickness
The stratigraphic thickness of Straits Schist is uncertain,
because the formation has been folded in some places, and the
effects of tectonic thinning and thickening are not clear. The

&pparent thickness of the entire farmation varies from a little
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pore than 1,000 feet near Southington Reservoir No. 2 to perhaps

as much as 5,000 feet at the western edge of Southington quadrangle,
and the apparent thickness of the largest garnetiferous amphibolite
northeast of Scovill Reservoir is a§0ut 500 feet. These estimates
were made by assuming that foliation and relict bedding are parallel,
but they are not parallel everywhere. At the western end of the
largest garnetiferous amphibolite, for example, foliation is not
parallel to the regional trend of the body. Furthermore, the map
pattern of another body of garnetiferous amphibolite near Central
Avenue east of Hitchcock Lake suggests isoclinal folding, If the
formation has been isoclinally folded, the true stratigraphic thick-

ness remains in doubt,

v
Southington Mountain Schist

General features

Soutﬁington Mountain Schist contains banded schist, chloritic
schist, perphyroblastic schist, amphibolites, impure marble, and
calc-silicate rock formerly included in the upper part of The
Straits Schist Member of the Hartland Formation of Rodgers (Rodgers
and‘others, 1959, p. 40) and in the Prospect Porphyritic Gneiss and
pPart of the Orange Phyllite of Gregory (Rice and Gregory, 1906, p.
101, 102). South{hgton Mountain Schist was named by Fritts (in press,
a) for Southington Mountain in Southington quadrangle. The type
1°cality is at the south end of New Britain Reservoir., The
Predominant rock there is banded schist, which contains alternate
layers of quartz-rich paragneiss, muscovite-rich schist, and minor

@mphibolite. The rock is characterized by ribbonlike banding (pl.
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9, fig. A) in contrast to the relatively unbanded mica schist of

Sttg;ts Schist. The tramsition from unbanded Straits Schist to

banded SOut;ington Mountain Schist is displayed in a series of

outcrops near Woodtick Road a little more than 1 mile southwest

of New Britain Reservoir. The contact between the formations,

which is gradational, was placed between the unbanded schist ard

the closest outcrops characterized by segregation into quartz-rich

and mica-rich layers, Southiﬂéton Mountain Schist also contains numerous
ummapped quartz veins and pegmatites as much as a few feet wide and a

few tens of feet long (pl. 9, fig. B).

Southzngton Mountain Schist occupies parts of a belt 1 to 3
miles wide and more than 10 miles long mainly east of St;;its Schist
in the Towns of Wolcott, Cheshire, Prospect, Bethany, and Woodbridge.
The Southi;gton Mountain Schist extends into Bristol and Thomaston
quédrangles north of the map aréa, as well as Waterbury and Ansonia
quadrangles (pl. 3). It is continuous with rocks in Naugatuck
quadrangle mapped as undifferentiated Hartland formation by Carr
(1960) . Derg§ Hill Schist bounds Southi;gton Mountain Schist on
the east in the southern part of Mount Carmel quadrangle, but is not
exposed north of Bethany Lake, Farther north Souégington Mountain
Schist is bounded on the east by the Mixville and Southington Mountain
faults and by an unconformity at the base of the N;w Haven Arkose.
South of New Britain Res;fv;;é'the belt occupied by Soughington
Mountain Schist also contains irregular bodies of Progpect Gneiss as
much as 1% miles wide and 6 miles long, as well as small bodies of

Ansonia Gneiss. Banded rocks of probable metasedimentary origin

v '
lying near Prospect Gneiss formerly were mapped as part of the gneiss
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(Rodgers and others, 1959), but the grain size, composition, and origin
of Prdgpect Gneiss, as f;defined by Fritts (in press, a) are distinct
from those of Soufg&ngton Mountain Schist,

Interlayered paragneiss and schist are characteristic of the
predominant banded schist, but lineation, the thickness of banding,
and the relation of foliation to banding are variable. In the
northern part of Southington quadrangle, alternate bands of paragneiss,
mica schist, and minor amphibolite commonly are 1 or 2 inches wide,
but the thickness of bands varies from less than 1 inch to more than
1 foot. Mineral lineation is obscure in that area, but in many
outcrops the alinement of the axes of tiny crenulations in mica-rich
bands are consistent enough to map. Near Straits Schist, foliation
and banding are approximately parallel (pl. 9, fig. B). In the
vicinity of Lindsley Hill and New Britain Reservoir, however, the rocks
in many exposures are crumpled, and foliation and bandiug are not
parallel in every outcrop. Farther south, especially near Prospect
Gneiss, the rocks also are banded (pl. 10, fig. A), and are character-
ized by fair to good mineral lineation. Foliation parallels banding
in many exposures. In some places near Prosggct Gneiss in Bethany,
however, especially between Sanford and Beacon Hill Brooks, the
Soutg;ngton Mountain Schist is rather complexly folded, and the
attitude of foliation and banding is inconsistent. In that area,
mineral lineation is the most consistent mappable feature. Banding
in the schist east of Larsens Pond fault in Southington quadrangle
also is -.contorted in some places, especially in the large patches
of banded schist near Darcy School in western Cheshire and near

Mount Vernon Road north of Marion, Connecticut,
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In the southern part of Mount Carmel quadrangle, the Sdﬁthington
Mountain Schist occupies a narrow belt between Progiect Gneiss and
De{%y Hill Schist., 1In that area, especially in the valley of the
Sargent River, the Southington Mountain Schist in some exposures has
been sheared along closely spaced planes approximately parallel to the
‘general nor theast-trending planes of shear cleavage chéracteristic of
the Defby Hill Schist. 1In general, however, shear cleavage is not well
developed in the Souéhington Mountain ‘Schist.

Porphyroblastic schist underlies an area as much as 1,500
feet wide and 2 miles long close to bespect Gneiss north of Marion,
Connecticut., The schist is well banded, but contains numerous grayish-
pink microcline crystals as much as 1 inch long. The large microcline
crystals are most abundant near the adjacent porphyroblastic quartz
monzonite gneiss of the Prdgpect Gneiss, which contains similar
microcline crystals. The contact between the porphyroblastic schist
of Soﬁth{;gton Mountain Schist and the porphyroblastic gneiss is
gradational, and the number of large microcline crystals decreases
away from the gneiss., The porphyroblastic schist‘was mapped as part
of South{;gton Mountain Schist mainly becaqse handing is characteristic
of this formation and not characteristic of Pro§§ect Gneiss, as
redefined by Fritts (in press, a). The map unit is generalized north
of the South Branch of Hamlin Brook, because outcrops are scarce,

A very small bodyof chloritic schist was mapped in Mount Carmel
quadrangle south of Rainbow Road about 1 mile north northwest of
Bethany Lake. This rock is believed to be an inclusion of Souzhington
Mountain Schist in Prd%pect Gneiss,

Amphibolites, calc-silicate rocks, and marble form lenticular
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bodies mainly in the banded schist, although some are associated

with other rocks. Most are parallel to banding or foliation in

the adjacent rocks, Bodies of amphibolite are as much as a few
hundred feet thick and 1/2 mile long., The longest is in banded schist
about 1% miles north of Marion, Connecticut, in Southington quadrangle,
but many smaller bodies form inclusions in Prgépect Gneiss in Cheshire
and Prospect. Biotitic amphibolite is found mainly as inclusions in
Proégéct Gneiss in the Town of Bethany in the Mount Carmel quadrangle.
Small bodies of garnetiferous amphibolite were mapped mainly near

New Briatin Reservoir in Southington quadrangle. A small band of
impure marble similar to the marble in the upper part of St;aits
Schist was mapped in the lower part of Southington Mountain Schist
south af Larsens Pond. Bands of vesuvianite-bearing calcesilicate
rock as much as a few feet wide and a few tens of feet long were

found only in two patches of banded schist apparently surrounded by
Proggect Gneiss in western Cheshire. The large body of vesuvianite-
bearing calc=silicate rock mapped south of Darcy School cbntains thin
layers of impure marble, The rocks containing vesuvianite have
unusual compositions and were mapped mainly to show their distribution.
The size of most is exaggerated on the geologic map (pl. 2). Small
bands of calc-silicate rocks lacking vesuvianite were found near

Hitchcock Lake, Moss Avenue, Cuff Brook, Darcy School, and New Britain

Reservoir, but were not mapped.

Petrography

B&hded schist. Paragneiss layers in the banded schist are

silvery gray or medium light gray to medium gray and contain
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abundant quartz and albite to oligoclase (An O), moderate amounts

0-3
of biotite, muscovite, and garnet, and small quantities of
staurolite and kyanite in appropriate metamorphic zones. Pure
quartzite is rare. Accessory minerals are chlorite(+), magnetite
or ilmenite, tourmaline, rutile, apatite, and zircon, In the
northern part of Southington quadrangle, the rocks are medium=-
grained and have a granular appearance, but east of the Larsens
Pond fault in Southington quadrangle, and in many places in Mount
Carmel quadrangle, the paragneiss bands are medium=- to fine-grained
and somewhat slabby. Near the Sargent River in southern Bethany
the slabby characteristic is especially well developed.

Schist bands are silvery gray and are composed mainly of quartz,

muscovite, biotite, oligoclase (An garnet, staurolite, kyanite,

15-30
and chlorite(+). Typical accessory minerals are rutile, tourmaline,
graphite, apatite, ilmenite, and minor pyrite. The rocks are well
foliated, but grain size varies from fine to coarse, 1In the northern
part of Southington quadrangle, dustlike graphite is an abundant
accessory mineral, and muscovite, with which the graphite commonly

is assoéiated, is fine-grained (pl. 21, fig. B). 1In that area the
schist bands are characterized by satiny luster, and individual
muscovite crystals cannot be recognized easily on foliation planes.
In many places near Prégpect Gneiss, however, the rocks contain less
graphite, and muscovite is medium-grained. Garnets are 1 to 3 mm.

in diameter in the type area, but are as much as 20 mm., in diameter
near Pf&gpect Gneiss. Kyanite crystals in the schist bands are

bladelike and generally are less than 1/4 inch long, although crystals

as much as 7 inches long were found in quartz pods in schist south of
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Larsens Pond. Kyanite is most abundant near Straits Schist in the
northern part of Southington quadrangle. Staurolite, on the other
hand, is common in the schist bands, except in the biotite-garanet
zone in Bethany and Woodbridge. Staurolite crystals 1/4 to 2 inches
long are especially characteristic of the schist bands im the northern
part of Southington ;ﬁadrangle, where macroscopic st;urolite was
indicated by the letter S in many places on the geologic map (pl. 2).

Simple textures are characteristic of the banded schist in the
fype area. Garnets are euhedral to subhedral, and some show twinning
and zoning (pl. 21, fig. A). Most are uniformly small and are not
intimately intergrown with other minerals. Some, however, have
inclusions of biotite and quartz, and a few garmnets have been broken
into two or three fragments, which have been "cemented" by quartz,
biotite, and chlorite(+). Muscovite crystals are booklike and lack
inclusions of other minerals, except perhaps where fine-grained and
associated with dustlike graphite. Biotite and chlorite(4) may be
parallel or oblique to muscovite. They, too, are booklike and
generally lack inclusions of other minerals. Most plagioclase is
clear or only slightly sericitized. Staurolite may have inclusions
of quartz, but commonly is euhedral to subhedral.

Textures are slightly more complex near Prospect Gneiss, Much
of the plagioclase there contains more sericite than plagioclase in
the schist in the type area. Many staurolite crystals have ragged
outlines and sieve structure, with numerous quartz inclusions. Many
garnets have inclusions of plagloclase, biotite, and muscovite, as
well as abundant quartz. Some garnets are elongate parallel to

foliation. 1In the valley of Sargent River in Mount Carmel
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quadrangle, garnets are characterized by quartz-=filled shear
planes gently oblique to the direction of plunge of lineation formed
by the parallel alinement of muscovite and biotite,

Porphyroblastic schist. The porphyroblastic schist is a layered

rock similar to the banded schist, but is transitional between the
bandeq schist and the porphyroblastic quartz monzonite gneiss of
Prospect Gneiss. Near the gneiss, the percentage of biotite is

greater than that of muscovite, calcic oligoclase is morg‘abundant

than sodic oligoclase or albite, and microcline is abupdeint° The rock
is wedium~- to coarse~grained, and ﬁiotitic layers‘contﬁin grayish

pink microcline crystals as much as 1 inch long. The rocks near the
gneiss are composed mainly of calcic oligoclase, quartz, microcline,

and biotite. Accessory minerals are clinozoisite, zircom, apatite,
ilmenite, and rutileo. “"Micaceous" bands contain as much as 10 per

cent biotite and 15 to 25 per cent coarse microcline. Adjacent less
micaceous bands contain from 1 to 5 per cent biotite and as much as

35 per cent medium-grained microcline. Near the banded schist, hbwever,
the percentage of'microcline is much lower, and muscovite is more
abundant than biotite. Alternate schistose and gneissic bands there
have compositions much more like the schist and paragneiss, respectively,
of the banded schist,

Chloritic schist. The chloritic schist mapped north northwest

of Bethany Lake is a coarse-grained, greenish-gray rock composed
mainly of chlorite(+) and albite to sodic oligoclase in the
approximate ratio 2:1. Quartz, rutile, apatite, and zircon comprise
about 5 per cent of the rock.

Amphibolites. The amphibolites in this formation are medium-
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grained, dark-gray to greenish=black rocks, which contain ckundant

hornblende and oligoclase to andesine (An ), and smaller a—ounts

20-40
of quartz, zoisite, clinozoisite, and sphene. Biotite and garcet are
essential minerals in the biotitic amphibolite and garneciferbus
amphibolite, respectively, but otherwise are similar to the typical
amphibolite., Accessory minerals are apatite, ilmenite, chlorite(+),
diopside, musc?vite, zircon, and calcite. Most of the amphibolites
are well foli;ted and lineated where foliation in the adjacent rocks
is consistent, but where the adjacent rocks are crumpled, as near New
Britain Reservoir, the amphibolites lack strong foliation azd
lineation, The large amphibolite body 1% miles north of Marion,
Connecticut, also lacks conspicuous foliation and lineation. In some
places, the Qell-foliated amphibolites contain light greenish gray
feldspar4rich streaks as much as a few millimeters thick, which
parallel foliation. In southern Prospect a few amphibolites also
contain white lenticular clots as much as 15 mm., long and 5 m. thick,
which consist mainly of intergrowths of zoisite and sericitized
plagioclase, In the biotite zone west of Lake Chamberlain, an
unusuval band of amphibolite less than 1 foot thick contains weakly
pleochrodic amphibole crystals as much as 1 inch in diameter and
abundant clinozoisite,

Texture in the amphibolites is variable. Where the rocks are
well foliated, subhedral hornblende with few or no inclusions of other
minerals are characteristic, and the texture {s relatively simple like
that of amphibolites in Str;its Schist, Where the rocks are poorly
foliated, however, hornblende crystals have ragged outlines and

Some have inclusions of plagioclase and quartz. The large asphibolite
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band north of Marion, Connecticut, is characterized by randomly
oriented, subhedral to anhedral hornblende crystals several millimeters
long set in a matrix composed mainly of very fine-grained, untwinned
plagioclase. Some of the hornblende crystals contain tiny inclusions
of plagioclase and quartz, but the texture is not as complex as that

of some amphibolites in Waté;bury Gneiss,

Calc-silicate rocks. Vesuvianite-bearing calc-silicate rocks

of the Souégington Mountain Schist are well-banded, medium-grained,
and grayish yellow green to very pale orange or very light gray.
They contain abundant diopside and vesuvianite and variable amounts
of microcline, calcite, quartz, brown garnet (probably grossularite),
wollastonite, albite, and zoisite. Accessory minerals are sphene,
apatite, and zircon., The vesuvianite crystals are euhedral
porphyroblasts; light-olive-gray to moderate-olive-brown, tetragonal

prisms 3 to 7 mm. long and 1 to 3 mm. in diameter are characteristic.

The porphyroblasts contain numerous inclusions of diopside as much

as 0,1 mm. in diameter (pl. 18, fig. C) and also may contain calcite
and microcline., Anhedral microcline and diopside crystals about 0.5
mm. in diameter are abundant in the matrix of many samples. Wollaston-
ite and grossularite(?), however, were found only in the calc-silicate
rock mapped near Route 70 south-southeast of Darcy School.

Unmapped calc-silicate rocks are mediumvgrainea, well banded, and
medium gray to very light gray or grayish yellow green. They contain
variable amounts of andesine, quartz, diopside, biotite, zoisite,
microcline, hornblende, garnet, sphene, tremolite, and mu;coviteo
Accessory minerals are clinozoisite, apatite, ilmenite,-zircon,

tourmaline, chlorite(+), and calcite.
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Impure marble, The marble mapped south of Larsens Pond is medium-

grained, light greenish gray, and well foliated. It is composed mainly
of calcite, diopside, and zoisite in the approximate ratio 5:3:2.
Sphene, albite or sodic oligoclase, and microcline comprise about

5 percent of the rock., Grid twinning, which is consbicuous in most
microcline in the map area, is lacking in much of the miérocline in
this rock,

Unmapped marble associated with the band of calc-sil%cate rock
mapped southwest of Darcy School is medium-grained, white to grayish
yellow green or medjum dark gray, and well foliated. Calcite comprises
16 to 86 per cent of the rock. Diopside, zoilsite, quartz, microcline,
albite or sodic oligoclase, tremolite, and biotite are abundant in
some 1ayer§ in the rock. Accessory minerals are sphene, zircon,
and muscovite. Ummapped marble associated with a body of calc-silicate
rock m;pped near Route 70 south-southeast of Darcy School is similar

to this rock, but also contains abundant brown garnet.

Origin

The composition and thin banding of most of the rocks in S&gﬁhing=
ton Mountain Schist indicate that the formation is a metamorphosed
sequence of interbedded, impure, argillaceous, siliceous, and
calcareous sedimentary rocks. Gradation from quartz-rich paragneiss
layers to mica-rich schist layers in the banded schist reflects gradation
from sandy or silty sediments to muddy or clayey sediments, or
gradation frog impyre sandstone to shale., Bands of impure marble
undoubtedly represent beds of impure limestone in the original

formation. Calc-gsilicate rocks represent limey beds in which siliceous
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and argillaceous material was more abundant. Amphibolites most likely
represent impure calcareous sediments, which contained moderate amounts
of magnesia and iron oxide, as well as silica andvaluminaa They are
believed to represent metamorphosed graywacke or tuff. Streaks and
thin feldspathic layers in these rocks suggest bedding in original
sediments, and clots of intergrown zoisite and plagioclase are
interpreted as metamorphosed pebbles or pyroclastic fragments.
Although the zoisiteaplagioclase clots might be interpreted as
metamorphosed phenocrysts of calcic plagioclase in mafic igneous
intrusives, the amphibolites do not cut across banding or relict
bedding in the adjacent rocks. An intrusive origin, therefore,

cannot be proved. The thin bands or relict beds characteristic of
Sou;hihgton Mountain Schist reflect relatively rapid deposition,

presumably in a eugeosynclinal environment.

Thickness

The stratigraphic thickness of s'ouchi';;gcon Mountain Schist is
uncertain, because the formation is crumpled and folded in some
places and is intermixed with large bodies of Prospect Gneiss,
Also the Defby Hill Schist, which is believed to overlie the
formation stratigraphically, is not exposed in the northern part
of Southington quadrangle, where Proggect Cneiss 1is absent., If it
is agsumed that banding reflects original bedding and that the
thickness of beds did not change much during folding and metamorphism,
a2 minimum thickness of several thousand feet is required by the
apparent width of the formation in the northern part of Southington

quadrangle, especially southwest of New Britain Reservoir. The
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formation has an apparent width of about 7,000 feet in that area
between Straits Schist and the eastern end of the axial plane of

a major syncline, which is described in the discussion of geologic
structure., Variation in the attitude of banding or relict bedding
in that area, however, necessitates that the estimate of minimum
stratigraphic thickness be less than 7,000 feet. Maximum thickness
must be less than 3 miles, which is the greatest apparent width of
Southi;gton Mountain Schist and intermixed Prsépect Gneiss in
Bethany., An approximate stratigraphic thickness of 5,000 feet is

believed to be more reasonable.

.
Derby Hill Schist

B General features

_Derg§ Hill Schist is a very thinly laminated but highly deformed
muscovite-albite-chlorite-quartz schist stratigraphically above Ségth-
ington Mountain Schist, Defby Hill Schist occupies a belt as much as
1,150 feet wide and a little more than 2 miles long southwest of Bethany
Lake (pl. 1). The formation was named by Fritts (in press, a) for Derby
Hill in Ansonia quadrangle, Connecticut, about 5 miles southwest of the
map area. The unit has been mapped by the author for at least 12
miles along strike (pl. 3). Along the west side of the formation near
a large reservolr at the type area, this schist is in the kyanite
zone and is in contact with rocks that strongly resemble the banded
schist characteristic of Sé@thington Mountain Schist in the northern
part of Southington quadrangle. In Mount Carmel quadrangle the formation

v
also 18 bounded on the west by Southington Mountain Schist, but the

metamorphic grade of the rocks is lower, In this area Dé}by Hill Schist
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is bounded on the east by Wep2;aug Schist, De;gy Hill Schist is well
exposed near Lake Chamberlain, and large outcrops were yisible on the
floor of the lake during a drought in 1957. Here and in the northern
part of Ansonia quadrangle the rock is characterized by strong cataclasis
and conspicuous shear cleavage (pl. 11). Elsewhere in the map area the
formation is poorly exposed or does not crop out. A block showing the
characteristic shear cleavage was found in till on the west shore of
Bethany Lake, but the formation was not found north or east of the

lake, The schist is believed to have been cut off by the Mixville

fault in the area between Lake Chamberlain and Bethany Lake.

Petrography

The characteristic rock of this formation in Mount Carmel
quadrangle is a dark-gray to greenish-gray, highly sheared schist,
which contains abundant very fine-grained muscovite, albite, chlorite(-),
and quartz, Accessory minerals are ilmenite or rutile, tourmaline,
and zircon., 1In general, layers composed almost entirely of muscovite
alternate with layers of granulated quartz and layers composed of
intergrown albite and chlorite(-). Most layers are less than 10 mm.
thick, and many are less than 1 mm. thick. They have been offset
along innumerable shear planes generally less than 1 inch apart,
which are oblique to the main foliation of the schist (pls. 1l and 22),

4

Albite and chlorite crystals commonly are less than 0,02 mm. long,

but booklike muscovite crystals are as much as 0,15 mm. long. In
some places, anhedral quartz crystals are several millimeters in
diameter, but most quartz has been sheared and granulated. Numerous

quartz crystals are less than 0.02 mm. in diameter. Some of the
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fine-grained quartz ptobabl& formed by recrystallization of silica
in an original sediment, but some of the coarser quartz is in the
form of veins and lenses injected between foliation planes and sub-
sequently sheared. Some of the injected quartz contains albite
crystals as much as 2 mm. in diameter, which were broken and strung

out during cataclasis (pl. 11, fig. A).

Origin

The position, composition, and layering of Defby Hill Schist
suggest that the formation is a stratigraphic unit, Ths schist {is
approximately parallel to banding or relict bedding in the SouEging-
ton Mountain Schist. Alternate layers of muscovite, quartz, and inter-
mixed albite and chlorite in Dgrby Hill Schist reflect chemically
different layers in a parent material, and are interpreted as relict
beds, Layers rich in muscovite reflect former clayey or muddy beds,
which contained abundant potassium, Albite and chlorite, on the other
hand, indicate rather high proportions of soda and ferromagnesian
material, respectively. The albite-chlorite layers are believed to
represent tuffaceous beds in an original sediment, and the predominant
schist is interpreted as an argillaceous metatuff, In Ansonia quadrangle,
this thinly layered schist also contains a large lenslike body of
impure quartzite (pl. 3), which is believed to represent a sandy
or gilty member of the formation (or perhaps a more felsic metatuff).
In Milford quadrangle, the Defby Hill Schist is overlain by several
thousand feet of metavolcanic and metasedimantary rocks (Fritts, in
press, a). The main metatuff of Defgy Hill Schist in Mount Carmel

quadrangle, therefore, represents omly part of a thick sequence of
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material laid down during a long period of volcanic activity,

Thickness

The Der%y Hill Schist is 1,000 to 3,000 feet thick, where not
cut by the Mixville fault. Layering and foliation in the rock are
steeply inclined or vertical in most outcrops, so that tﬁe apparent
thickness on the map (pl. 3) is the approximate stratigraphic
thickness, except where the formation is faulted. In Mount Carmel
quadrangle and in the northern part of Ansonia quadrangle the schist
is about 1,000 feet thick, but is characterized by shear cleavage
and cataclasis, which undoubtedly have caused some thinning. South
of the Housatonic River 1is Ansonia quadrangle, howéVer, the formation
contains as much as 1,000 feet of impure quartzite and 2,000 feet
of the typical thinly laminated schist, but the schist is characterized
by crenulations rather than shear cleavage. The crenulations
undoubtedly account, in part, for some apparent thickening of the
schist. Although mapping in Ansonia quadtangie is incomplete,
at present it is believed that the Wepawaug Schist overlies Dé;;y
Hill Schist unconformably (Fritts, in press, a). If so, the original
stratigraphic thickness of Defgy Hill Schist may be more than 3,000

feet,

Wepawaug Schist

General features
v Vv
Wepawaug Schist overlies Derby Hill Schist unconformably and
7
occupies the trough of a major syncline (pls. 3 and 4). The Wepawaug

includes phyllite, interlayered phyllitic schist and quartz-rich
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paragneiss, impure crystalline limestone, and minor amphibolite
exposed in an area as much as 25 miles long and 1% miles wide

in the Towns of Bethany and Woodbridge in Mount Carmel quadrangle.
The formation also contains numerous ummapped quartz veins as much
as-a few inches wide and a few feet long, generally parallel to
foliation. The formation was named by Fritts (in press, a) for the
Wepawaug River in Ansonia quadrangle, and underlies most of the
eastern half of that area (pl. 3). It also extends into the
Milford, New Haven, and Naugatuck quadrangles, although in those
areas it has been mapped as part of the Orange Phyllite of Gregory
(Rice and Gregory, 1906; Rodgers and others, 1959; Carr, 1960).

The predominant rock in Wepé;aug Schist is phyllite in the eastern
part of the formation and phyllitic schist interlayered with bands of
quartzitic paragneiss as much as 1 foot wide in the westerm part. The
apparent difference between the phyllite and banded phyllitic schist
is caused by an increase in metamorphic grade toward the west-northwest,
Rocks in the western part of the formation have been crystallized
enough to show distinct lithologic banding, but quartz-rich and
muscovite-rich layers in the phyllite can be recognized in the field
mainly by subtle differencés in color and foliation. On weathered

,surfaces, quartz-rich bands commonly are lighter gray than muscovite-=
rich layers, although on fresh surfaces the color of the rocks genmerally
i8 darkest where quartz is most abundant, Quartz-rich layers also are
characterized by rather widely spaced micaceous foliation planmes (pl.
23, fig. A), and many muscovite-rich layers have secondary s-planes
oblique to the main foliatiom.

Lenticular bodies of impure crystalline limestone as much as



- 51

N

100 feet thick and a few hundred feet long are characteristic of
the formation, but amphibolite bands are smaller and much less
numerous, The limestones are most abundant near Glem Dam Reservoilr
and Lake Watrous. Amphibolite, on the other hand, isifound only
in the western part of‘the map unit, where the intensity of
progressive regional metamorphism was high enough for amphibole
minerals to form. The amphibolite bands and some of the limestone
layers are only a few inches thick, but they were mapped in order
to show distribution. ‘

Banding (or relict bedding) and foliation in We;éwaug Schist
sre parallel or approximately parallel in many outcrops, but in .
some places they are almost at right angles to each other. Tight
folds are visible in some exposures (pl. 13, fig. A), and near the
axes of many of the folds foliation is about perpendicular to
banding. 1In some outcrops banding is somewhat contorted and small
chevron folds are numerous, especially in muscovite-rich layers,
In cross section, the folds resemble waves with amplitudes and wave
lengths generally less than 1 inch, Where the rocks are most
contorted, only the generalized trend of banding or foliation has
been mapped., The attitude of the axial planes of chevron folds
also has been mapped in a few places. 1In some places ne;r Degﬁy
H1ill Schist, planes of shear cleavage were observed in the Weﬁéwaug,
but, in general, shear cleavage is not well developed in Weé;waug'

Schist,
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Petrography

Phyllite and phyllitic schist. Phyllite from the eastern part

of the Wepéwaug Schist is very fine-grained (pl. 23, fig. A),
medium gray to medium dark gray, and highly fissile. The average
gain size is lesé than 0.1 mm. The rock tends to break alomng.
smooth foliation planes; which have a satiny luster. Quartz and
muscovite in the approxiﬁate ratio 2:1 comprise about 70 per cent
of the rock. Albite and chlorite(-) in nearly equal proportiomns
are the other two essential minerals. Albite was identified in some
samples by using index liquids, but generally is too fine-grained
to be identified in thin section. Albite also was identified by
X-ray diffraction methods (Tﬁeodore Botinelly, oral communication)
in a sample of phyllite from a roadcut on Route 69 west of Lake
Watr.:ouso A chemical analysis of this rock (table 1, columm 6) shows
a moderate amount of soda, which presumably is combined with silica
and alumina to form albite, The rock also contains porphyroblasts
of chlorite(+) as much as 0.3 x 0.05 mm., in diameter, The intermediate
index (nY) of chlorite from this rock ranges from about 1.628 to
approximately 1.632, The chlorite(+) porphyroblasts appear to have
a lower index than chlorite(-) of the rock matrix. The phyllite
also contains small cubic pyrite crystals as well as acces?ory rutile,
tourmaline, apatite, zircon, and abundant dustlike carbon,
Phyllitk:schist'in the western part of the formation in Mount'
Carmel quadrangle is characterized Sy larger grain size and slightly
different mineral content. Wavy foliation planes reflect more
complex internal structure, The rock contains garnet and biotite

L

porphyroblasts 1 to 5 mm, in diameter, but generally lacks pyrite.
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Biotite crystals are bladelike and cleavage in the mineral commonly

is oblique to foliation. Alinement of elongate biotite crystals,
however, gives the rock an indistinct mineral lineation. Chlorite(4)
forms booklike crystals, which are either parallel or oblique to
foliation, but it dées not form comspicuous porphyroblastso
Chlorite(-) is present mainly where the rock has undergomne retrograde
metamorphism. Muscovite, quartz, and albite are abundant, and except
for differences cited above, the rock contains most of the accessory
minerals found in the phyllite., Toward the west, however, ilmenite
becomes more abundant than rutile,

Quartzitic paragneiss bands associated with the phyllitic schist
are tough, fine grained, and medium to dark gray. Quartz is abundant,
and many samples of the rock also contain albite, biotite, chlorite(+),
garnet, and amphibole, as well as accessory ilmenite, tourmaline,
apatite, zircom, calcite, and chalcopyrite. Toward the east, pyrite
is an acessory mineral in some places where biotite is absent.

Impure crystalline limestones. The impure crystalline limestones

in Ehe formétion are tough, well-foliated and lineated, medium-dark-gray
to medium~-bluish-gray rocks composed mainly of fine-grained calcite,
quartz, and muscovite in the approximate ratio 2:1:1. 1In the eastern
part of the area these rocks were mapped as pyritic limestone, because
they contain tiny cubic pyrite crystals barely visible to the naked

eye (pl, 23, fig. B). The pyrite generally constitutes less than 1

Per cent of the rock. Some samples of the pyritic limestome also
Contain minor amounts of very fine-grained phlogopitic biotite (nY &=
1.618). Parther west similar rocks were mapped as blotitic limestone

Where they lack pyrite but contain phlogopitic biotite crystals as
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much as 2 mm. in diameter. Chlorite(-) also is an essential mineral
in the pyritic limestone and probably accounts for a small percentage
of magnesia reported in @ chemical analysis of the rock (table 1,
column 9). The biotitic limestome of similar chemical composition
(table 1, column 8) contains moderate amounts of clinozoisite and
chlorite(4) as well as a little microcline and accessory sphene.
Both rocks lack dolomite. On weathered surfaces, calcite has been
leached from the limestones, and they are characterized by moderate-

brown rinds as much as 1 inch thick, which contain most of the other

winerals characteristic of the unweathered rock,

Rt

Amphibolite. The amphibolite in Wepgﬁaug Schist is medium- to
coarse-grained and dark gray to dark greenish gray. From 70 to 80
N per cent of the rock is a mixture of hornblende and clinozoisite in
the ratio 2:1 to 1:2. The hornblende crystals are as much as 1/2
inch long, They are characterized by weak pleochroism from pale
green to nearly colorless, which suggests that they contain a
moderate amount of the actinolite end member of the hornblende
series, Other minerals In the rock are quartz, garnet, chlorite,
calcite, sphene, and minor ilmenite or magnetite. The abundance of
clinozoisite distinguishes this amphibolite from most other

amphibolites in the map area.

Origin
The compositional layering of the Wepawaug Schist, like that of
the Soutﬁington Mountain Schist, indicates that the formation is a
me tamor phosed sedimentary rock. The original sediments presumably

were deposited in a eugeosynclinal enviromment. Metamorphism
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destroyed all evidence of original clastic grains, but gradation from
quartz-rich to mica-rich layers, which can be seen in many outcrops
of the phyllite amd phyllitic schist, indicates graded bedding. The
phyllite is but slightly more metamorphosed than slate or shale.
Muscovite-rich parts of the phyllite undoubtedly represent original
muddy sediments. Siliceous layers in the phyllite, and‘quartzitic
paragneiss interlayered with the phyllitic schist, represent sandy

or silty beds, which contained abundant silica., The impure limestones
represent impure calcareous beds, and the amphibolites, which are
adjacent to limestone in some places, probably represent calcareous
layers that contained moderate amounts of magnesia, irom oxide,

soda, and alumina, The amphibolites are interpreted as metamorphosed

graywacke or tuff,

Thickness

The thickness of the Wepéwaug Schist cannot be measured
accurately, because the formation has been tightly folded, and
the upper stratigraphic limit is unknown. However, on the basis
of regional geologic structure, which is discussed under a separate
heading, the limestones between Lake Watrous and Glen Dam Reservoir
are believed to be some of the highest stratigraphic units in the
formation in this area. The apparent width of the Wepégﬁug from
Lake Chamberlain to Lake Watrous is about 1 mile, and foliation,
which parallels bedding in many outcrops, is steeply inclined.
It is likely, therefore, that the stratigraphic thickﬁess of the

formation i8 at least several thousand feet.,
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META~IGNEOUS AND IGNEOUS ROCKS

General features

The WOodgick, Préspect, and Anégnia Gneisses, and the WOoéﬁridge
Granite have the shapes of intrusive bodies and the compositions of
felsic to intermediate igneous rocks, All form stocklike, dikelike,
and sill-like bodies in metasedimentary rocks, and contaim inclusions
of the host rocks (pl. 12, fig. D; pl. 13, fig. A). The WOéétick,
Prospect, and Ansonia Gneisses are foliated and lineated, quartz
dioritic to granitic gneisses, which have textures characteristic of
me tamorphic rocks. Foliation‘planes in the gneisses are micaceous
partings formed mainly by biotite and(or) muscovite crystals in
parallel oriemtation. Lireation can be seen where these minerals
are strung out im a consistent direction along foliation planes,
F;liggion and'lineation goth cross the boundaries of these intrusives
in some places. The WOSAbtidge Granite, on the other hand, is
characterized by randomly ogiented minerals and a texture more like
that of an unmetamorphosed igneous rock., Less abundant félsic
gneisses and pegmatites also are interpreted as intrusive meta-
igneous or igneous rocks. The gneisses and pegmatites impregnate
metasedimentary rocks in many places, but form dikelike and sill-like
bodies as well, Veins and lenses of quartz are discussed with
pegmatites, because both probably were emplaced at about the same
time, Chemical analyses of Pros;;ct Gneiss, Anssgia Gneliss,

-

v
and Woodbridge Granite are listed in columns 1 to 4 of Table 1.
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Woo&tick Cneiss

General features
. Noodt;;ck Gneiss is a quartz diorite gneiss, which forms tabular

to irregular bodies a few feet in diameter to as much as 2% miles long
and 1% miles wide in Waterbury Gneiss. It has not been found in other

metasedimentary rocks in the map area. The largest bédy of W&gdtick

Gneiss mapped to date underlies Scovill Reservoir, but smaller bodies
.are exposed in Waterbury, Prospect, and western Cheshire. The gneigg
was named by Fritts (in press, a) for Woodtick, Connecticut, near

Scovill BReservoir. The type locality is a west-facing, joint-
\controlled bluff several tens of feet high about 1 mile southeast

of the reservoir. The locality is near the eastern edge of the

~largest body of the gneiss.

-

~ Woodfgck Gneiss is finer grained, has poorer foliation and
1ineation, and contains much less microcline than the Prégpect and
Ansdgia Gneisses. It also is characterized by plagioclése of more
calcic composition than the plagioclase in those gneisses. The

v .
Woodtick is interpreted as part of a basement complex overlain by

v
Straits Schist,

Petrography
Typical Woodtick Gneiss is fine- to med{um-grained, light- to
medium~gray, crudely foliated, but unbanded quartz diorite gnefss,
It is composed mainly of calcicldligoclase to sodic andesine (AnZO-QO)’

quartz, and biotite, with smaller amounts of microcline, muscovite,

and garnet. Accessory minerals are hornblende, apatite, zircoz,

epidote, magnetite or ilmenite, rutile, and sphene. In many places
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the gneiss is poorly lineated, but the rock mapped as Woodzick Gneiss
near Midwood Avenue west of Hitchcock Lake is well lineated.

- The texture of WOSEtick Gneiss is more complex than that of
Anséhia Gneiss,:which is of comparable grain size (pl. 25, figs. B.
and C), but the texture of Woodtick Gneiss is less complex than that
of the paragneiss of Watgrbury Gneiss. Intergrowths of minerals and
sutured contacts between minerals are common in the Woodtick. Plagio-
clase is characterized by reverse, progr;ssive zoning. Many
plagieclase crystals also contain antiperthitic intergrowths of
optically continuous microcline, as well as inclusions of muscovite,
\ﬁuartz, biotite, zircon, and apatite. 1In some places the rock also
contains anhedral microcline crystals as much as 6 mm. in diameter,
which have inclusions of biotite, plagioclase, quartz, and muscovite.
Ga%?et is subhedral to anhedral; some aggregates of anhedral garnet
as much as 4 mm, in diameter are thoroughly intergrown with quartz,
plagioclase, biotite, muscovite, and apatite., Biotite crystals as
much as 1% mm. in diameter may have ragged outlines, but the mineral

also forms small, simple, booklike crystals.

Origin
The composition, texture, and shape of bodies of WOégtick Gneiss
indicate that the rock is a metamorphosed igneous intrusive. Most
bodias of the gneiss are stocklike or dikelike, but some are sill-
like, A1l resemble the common forms of igneous intrusives. In some
places the gneiss not only cuts across banding in the Watérbury Gneiss
but also contains inclusions of the host rock, especially near contacts

v
with the main paragneiss of the Waterbury southeast of Scovill Reservoir.



59

- &=

Metamorphism is indicated by the presence of (1) garmet, (2) complex
intergrowths of feldspar, quartz, mica, and accessory minerals, (3)
antiperthitic intergrowths of microcline in plagioclase, and (4)
reverse, progressive zoning in plagioclase, Furthermore, foliation
imposed during metamorphism apparently crosses the contacts of the

largest stock of Woodtick Gneiss in Southington quadrangle,

Granitic to quartz dioritic gneisses, undivided

General features

Small tabular to irregular bodies of aplitic, gramitic, quartsz
monzonitic, and quartz dioritic gneiss as much as 1,000 feet long
and 400 feet wide were mapped as granitic to quartz dioritic gneisses,
undivided. All are in the area underlain by Waterbury Gneiss imn
Southington quadrangle, and are interpreted as part of a basement
complex overlain by Straits Schist. The largest body is in northern
Prospect, and three others several hundred feet long are west to
northwest of Scovill Reservoir., Smaller bodies are near Hitchcock

Lake and southwest of Larsens Pond.

Petrography
Aplitic to granitic gneiss south of Lymn Road northwest of
>Scov111 Reservoir is a medium-grained, white gneiss composed mainly
of albite, quartz, and microcline, but it also contains a small
percentage of macroscopic muscovite and a little biotite. Accessory
minerals are clinozoisite, apatite, zircon, and sphene, The albite {s
characterized by reverse progressive zoning and inclusions of

clinozoisite and muscovite, The texture of this rock resembles that
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of Woodtick Gneiss, but the aplitic gneiss is more felsic,

Aplitic to granitic gneiss in the large body in northern
Prospect is a medium-grained, white rock composed mainly of quartz,
albite or sodic eligoclase, muscovite, and a small percentage of
microcline. The plagioclage contains numerous ra.ndom}y oriented
muscovite crystals 0,1 to 0.2 mm. long, Microcline has much smaller
inclusions of muscovite. The rock also contains numerous aggregates
of small muscovite crystals and a few booklike crystals of the mineral
as much as 2 mm. long.

Granitic gneiss in two bodies west of Scovill Reservoir is
coarse~ to medium-grained, yellowish gray to white, and 1is composed
mainly of albite, quartz, microcline, muscovite, and garnet,
Accessory minerals are biotite and apatite, The rock is crudely
banded, Muscovite, albite and quartz are comcentrated in layers
separated by bands rich in microcline. Garnet has inclusions of
quartz and -muscovite.

Quartz monzonite gneiss from western Cheshire is a coarse~ to
medium-grained, very light gray rock composed mainly of calcic
oligoclase to sodic andesine (AHZO-AO)' quartz, microcline, biotite,
and a l{ttle sphene. Accessory minerals are apatite, muscovite,
garnet, zircon, magnetite,_ zolsite, and clinozoisite. Microcline
€rystals as much as 4 mm. in diameter have ragged outlines, and some
are perthitic, Plagioclase is slightly sericitized. Anhedral garnet
€rystals less than 0.2 mm. in diameter are arranged in nearly
¢ircular aggregates as much a 1 mm. in diameter. One thin section’
contains a patch of zoisite about 7 mm., in diameter surrounded by
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